INTRODUCTION {#sec1-1}
============

Esthesioneuroblastoma (ENB) is a rare tumor derived from olfactory neuroepithelium. It was first described in 1924 by Berger and Richard as L'esthésioneuroépithéliomeolfactif.\[[@ref1]\] These tumors account for 3--6% of all intranasal tumors and just 1% of the malignant lesions.\[[@ref2][@ref3]\] The occurrence of ENB in a site outside of where olfactory epithelium exists is exceedingly rare. Isolated ENB has been described in the ethmoid sinus, maxillary sinus, nasopharynx, and pituitary gland.\[[@ref4]--[@ref6]\] Only five cases of ENB isolated to the sphenoid sinuses have been described in the literature to date.\[[@ref7]--[@ref9]\] To the best of our knowledge, skin metastases of ENB outside of the head and neck region have not been previously reported. We present fine needle aspiration (FNA) findings of sphenoid sinus ENB that metastasized to the sternal chest wall.

CASE REPORT {#sec1-2}
===========

The patient was a 33-year-old male who presented to the emergency department with double vision, headache, and a 3-month history of chronic sinusitis unresponsive to multiple courses of antibiotics. The ENT examination revealed tenderness over the left frontal and maxillary sinuses, left cervical lymphadenopathy, left-sided sixth nerve palsy, and minimal hypersensitivity in all three sensory divisions of the left cranial nerve V. CT scans of the head and maxillofacial region revealed non-contrast enhancing soft tissue density opacities within the sphenoid sinuses, eroding the surrounding bony structures throughout the clivus and inferior aspect of the sella. Follow-up MRI of the brain and paranasal sinuses revealed a large heterogeneous mass filling the sphenoid sinuses. The patient underwent functional endoscopic sinus surgery with bilateral sphenoidotomies were performed. Intraoperatively, a brown-yellow, tenacious material was found within the sphenoid sinus. Frozen sections revealed abundant small blue cells, suspicious for lymphoma. Histopathologically, the tumor demonstrated morphologic features of so-called "small round blue cell tumor" with extensive necrosis and no obvious rosette formation. By immunohistochemistry, the tumor cells stained positive for synaptophysin and chromogranin and negative for multiple cytokeratins (AE1/AE3, CAM5.2, CK7, CK20), epithelial membrane antigen (EMA), pituitary hormones, leukocyte common antigen (LCA), desmin, S-100, CD99, and myogenin. The combined morphologhical and immunohistochemical features were most compatible with the diagnosis of sphenoid sinus ENB \[[Figure 1](#F1){ref-type="fig"}\].

![Primary sphenoid sinus esthesioneuroblastoma (ENB). (a) Tissue section demonstrating tumor with small blue round cell morphology (H and E, at ×20). (b) Positive immunostaining of the tumor for synaptophysin (at ×20)](AJM-2-15-g001){#F1}

The patient underwent three courses of chemotherapy followed by definitive chemoradiation. Five months later, he was noted to have a palpable dermal mass in the sternal region. The mass measured 1.5 cm in the diameter and was soft, non-tender.

FNA of the mass was performed. The aspirate smears (including two air dried and two alcohol fixed smears) and cell block preparations were highly cellular and showed small round blue cells with scant cytoplasm, dispersed singly and in small cell clusters, in the background of abundant necrosis. The nuclei of the preserved tumor cells were round to oval, with finely granular chromatin and inconspicuous nucleoli. Nuclear molding with crush artifact and paranuclear 'blue bodies' were noted. Numerous cells with apoptotic nuclei were also seen scattered in the background. No true rosette or Homer-Wright pseudorosette formation, neuropil, or lymphoglandular bodies were seen. By immunohistochemistry, the tumor cells showed strong staining for synaptophysin and focal staining for chromogranin \[[Figure 2](#F2){ref-type="fig"}\]. The rest of the immunomarkers, including cytokeratins, EMA, LCA, CD99, S-100, desmin, myogenin were negative. The morphologic features and immunostaining profile of the tumor were consistent with metastasis of the patient\'s known sphenoid sinus ENB.

![Fine needle aspiration specimen of the sternal mass with metastatic ENB. (a) Low power view of the air-dried smear showing high cellularity of the tumor with focal nuclear chromatin smearing and necrotic background (Diff-Quik stain, at ×20). (b) High power view of the air-dried smear demonstrating two-cell population of the tumor: Large viable tumor cells with scant cytoplasm and nuclear molding and small tumor cells with apoptotic nuclei (Diff-Quik stain, at ×60). (c) High power view of the alcohol-fixed smear demonstrating tumor cells scattered singly and in small clusters; note evenly dispersed nuclear chromatin (Pap stain, at ×60). (d) Positive immunostaining for synaptophysin (cell block, at ×20)](AJM-2-15-g002){#F2}

DISCUSSION {#sec1-3}
==========

ENB is known to occur throughout all age groups affecting both men and women at equal rates without any racial predilection. Peak occurrence appears to be bimodal, with the first peak between the ages of 10 and 30 and the second between 50 and 70 years.\[[@ref2][@ref10]\]

The clinical features of ENB are dependent upon the site of origin of the tumor and the involvement of surrounding structures by the tumor. Most of these tumors are located within the superior nasal cavity with secondary extension into the paranasal sinuses, orbit, and brain along submucosal planes; thus, the presenting symptoms of ENB include nasal obstruction, epistaxis, anosmia, rhinnorhea, and headache. Proptosis, epiphora, diploplia, and retrobulbar pain occur with orbital extension. Patients with intracranial involvement may have increased intracranial pressure, which can lead to cranial nerve deficits, coma, and eventually death.\[[@ref9]--[@ref11]\] ENB shows great variability in behavior. Some cases of the tumor represented an indolent growth pattern while others have been extremely aggressive, with death occurring within a few months after diagnosis.\[[@ref12]\] Metastases occur often, and in about 30% of the cases, cervical lymph nodes involvement is the most common. Metastatic disease to the brain, bone, lungs, viscera, trachea, and heart has also been reported.\[[@ref13]\] In general, the skin is an uncommon site of metastatic disease from visceral malignancy, and skin metastasis of ENB is even more uncommon.\[[@ref14]--[@ref16]\] Local recurrence of tumor frequently occurs, most commonly within the first 2--3 years after initial treatment.

Clinical examination using an endoscope usually reveals a polypoid mass in the superior part of the nasal vault. In our case however, this examination was normal because there was no nasal involvement of tumor. Imaging studies therefore played a pivotal role in the initial evaluation of our patient as well as tumor staging.\[[@ref17]\]

Several theories exist as to the origin of ENB in locations where olfactory neuroepithelium is not thought to exist. One theory is that ectopic cell nests are deposited in these areas (maxillary sinuses, ethmoid sinuses, pituitary gland, and sphenoid sinuses) during embryologic development.\[[@ref18]\]

A second possible theory was first suggested by Jakumeit in 1971.\[[@ref19]\] This theory is based on the development and degeneration of the accessory olfactory systems during fetal life. The cells of these accessory systems eventually degenerate in fetal life. Persistence of these cells may be the origin of ENB occurring in these sites.

Histopathology is extremely important in the diagnosis of ENB, and histological grade functions as an important prognostic indicator. The grading criteria for ENB is based on Hyams classification which looks at the degrees of tumor necrosis, mitotic activity, preservation of tissue architecture, and the presence of a fibrillar matrix and rosette formation, and correlates these microscopic findings to clinical outcomes.\[[@ref15][@ref20]\] The morphologic features are similar to other small cell tumors of the neuroectodermal origin.

The majority of ENBs stain positive for CD56, neuron-specific enolase, chromogranin, synaptophysin, and the sustentacular cells stain positive for S-100 protein.\[[@ref15][@ref16][@ref20]\] Most ENBs are negative for cytokeratins and EMA. ENB shows morphologic variability including a wide spectrum of grade, histology, and immunophenotype diversity.\[[@ref20]\]

The tumor in our patient was a high-grade neoplasm. Rare cases of high-grade ENB with negative staining for S-100 have been described, as in our case.

Cytologic features of ENB have been well described in the literature. To date, eighteen cases have been reported, the majority of them being scrapings or FNA of primary tumors or head and neck lymph nodes.\[[@ref16][@ref21][@ref22]\] Only one case of ENB metastatic to the right parietal scalp was reported in the largest series by Mahooti and Walker.\[[@ref16]\]

FNA proves to be a safe, cost effective and rapid method for diagnosis of cutaneous/subcutaneous metastasis from internal malignancies.\[[@ref23][@ref24]\] To the best of our knowledge, we present the first case of skin metastasis of ENB outside the head and neck region diagnosed by FNA. The cytologic findings of ENB in our case were similar to those described in the literature. Interestingly, Mahooti and Walker observed that ENB, particularly metastatic ENB, does not necessarily contain rosettes or fibrillaryneuropil in cytology specimens.\[[@ref16]\] This was true in our case as well. Cytologic findings are therefore non-specific, and in the absence of known history of primary ENB, the differential diagnosis of the tumor would have been broad, and would have included more commonly encountered primary skin tumors as well as metastatic tumor with small round cell morphology. These include but are not limited to lymphoma, basal cell carcinoma, Merkel cell carcinoma, small cell melanoma, rhabdomyosarcoma, Ewing\'s sarcoma/PNET, and desmoplastic small round cell tumor. Ancillary techniques, including immunostains and molecular studies, should be applied in cases of unknown primary to delineate the origin of the tumor.\[[@ref14][@ref21]--[@ref25]\]

Surgery combined with radiotherapy is the most common management which produces the best rates of survival. A long-term follow-up is essential to coordinate treatment and monitor for local recurrence.\[[@ref20][@ref26]--[@ref29]\] In our patient the skin metastasis developed after multimodality therapy and most likely reflected the highly aggressive behavior of this tumor leading to poor outcome. The patient died of the disease several months later.

In conclusion, our case demonstrates that the skin may be a rare site of a metastatic sphenoid sinus esthesioneuroblastoma, and FNA is a reliable diagnostic method of a suspected cutaneous metastasis.
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